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ABSTRACT: Many people in rural areas use freshwater, including irrigation water for domestic purposes.
The pervious mortar filter (PMF) is a modification of mortar and pervious concrete, designed as an
alternative water filter to improve the natural water quality for domestic use. According to its physical
characteristics (pore structure and geometry), pervious mortar can be a filter to reduce several types of
pollutants in the water. On the other hand, based on its chemical characteristics, pervious mortar can be
dissolved if passed by certain types of water for an extended period, called leaching. This study aims to
determine the leachability of pervious mortar filters by identifying the influent and effluent concentration of
calcium ion (Ca?*), hardness, pH, and total dissolved solids (TDS) in two types of water sources, i.e., pure
water and irrigation water. This study analyzes the leachability of the filter by the filter column experiment
method. The leaching is analyzed by the water's pH, TDS, calcium ion (Ca?*), and hardness concentration
before and after the water is filtered by PMF. The filtered water for each specimen was 50 liters (L). 50 L of
pure water showed increased pH, TDS values, Ca?* concentration, and hardness in the effluent. The increase
in pH, TDS, Ca?*, and hardness concentration in the effluent with irrigation water was less than the increase
of the same parameter in PMF through pure water.
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1. INTRODUCTION Pervious mortar is a modification of mortar and
pervious concrete in which the material type and

The pervious concrete filter has the potential to the size range of sand are similar to mortar.
provide clean water in flooded areas and rural Nevertheless, its utilization and hydraulic
areas where the water infrastructure is characteristics resemble pervious concrete. In
inadequately available. This kind of water filter contrast to the general use of mortar as a binder in
has been patented by Majersky G. (2008) No. US building material, pervious mortar in this research
2008/0023404 A1 [1]. Pervious concrete is designed to be used as a water filter, called
comprises cement, aggregate, and water, allowing pervious mortar filter (PMF). This PMF consists of
admixtures to be added for specific purposes [2,3]. river sand (derived from Progo River, Yogyakarta,
Adding coarse aggregate or using large aggregates Indonesia), cement (Portland composite cement),
in the pervious concrete mixture could increase the and potable water. The river sand aggregate is ~
porosity and permeability but reduce the 0.425 — 0.850 mm in diameter. The specimens
compressive strength. were cast with a diameter of 8.2 cm and a height of
On the other hand, increasing the percentage of 5 cm, as seen in Fig. 1. This design made the filter
fine aggregate or using small aggregates will lighter and easier to carry. By using small sand and
increase the compressive strength of pervious certain mixture composition, the pore size will be
concrete and reduce the permeability of pervious smaller, the permeability will be lower than that of
concrete [3,4]. Based on its physical and hydraulic pervious concrete, and the permeability will be
characteristics, pervious concrete can be used for higher than that of conventional mortar. With these
many purposes, such as runoff water management, small pores and  distinctive  hydraulic
removal of runoff water pollutants, urban heat characteristics, the smaller water pollutants (such
island  mitigation, water treatment [1,5], as solids and biological contaminants) are
wastewater treatment [6], plant growing media [7], effectively trapped within the filter's small pores.
pollutant adsorption (Phosphorous and Lead) [8,9], Hence, the authors employed a small, uniform
and others. The removal mechanisms usually used aggregate to ensure optimal filtration performance.
for these purposes are adsorption and filtration by This kind of filter has also been studied by
the pervious concrete. Based on the filtration Taghizadeh (2007) [10], which was later named
process, the filter or composite should have porous concrete, and Maadji (2016), which was
smaller pores to retain the small pollutants or then named a concrete filter [11]. The development
particles in the pores. of PMF technology as a water purification tool
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was started by Triatmadja (2008) by using 1 — 2
mm sand as aggregate [11]. Comprehensive
research using finer aggregates < 2 mm was then
carried out by Kamulyan (2009) and Maadji
(2017) [12,13].

Fig. 1 Pervious mortar filter with a diameter of 8.2
cm and a thickness of 5 cm.

The ability of PMF to reduce several types of
pollutants is well known. The effectiveness of
porous mortar in reducing turbidity ranges from
90% - 95% [11,12]. The pervious mortar filter
with a sand aggregate of 0.15 — 0.30 mm, a sand
cement ratio of 3, 4, 5, and 6, and a water-to-
cement ratio of 0.4 was able to reduce the
concentration of bacteria in water up to 98.71% or
2 logs of removal value (LRV). The PMF has a
good pollutant retention capacity based on the
physical characteristics (pore structure and
geometry). On the other hand, based on its
chemical characteristics, the pervious mortar or
concrete can also be dissolved/ leached if passed
by water for an extended period [14].

Leaching is one of the degradation phenomena
that occur in concrete or cement-based composites.
Leaching is one of the main factors that change the
mechanical properties of cement-based composites
[15-19]. The deterioration process known as
"leaching" in the cement paste occurs due to
contact with pure water or water with a low pH,
which encourages the hydrolysis of hydrates [20].
This process is based on diffusion-dissolution,
with diffusion fronts moving through the concrete.
The diffusion of weathering agents from the
surface into the bulk and the diffusion of dissolved
products from the interior to the exterior are two
ways hydrolysis reactions spread when an
aggressive solution is present [18]. Dissolution is a
process of carrying compounds/ions in concrete
due to the leaching process due to the contact
between water and portlandite (Ca(OH).).
Portlandite is one of the crystals formed from a
mixture of cement and water [17,21]. Leaching
develops through a dissolution/precipitation
process in concrete. The hydrolysis results in a
significant increase in the porosity of the concrete
or cement paste [22]. The chemical reactions in a
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cement-based composite such as PMF can be seen
in Eq. (1) - Eq. (4).
Formation of carbonic acid

H,0 + CO, < H,CO4 1)
Dissolved calcium hydroxide
2H,CO0; + Ca(OH), < Ca(HCOs), + 2H, (2)

Calcium carbonate is formed.
Ca(HCO3), + Ca(OH), & 2CaC05; + 2H,0 (3)
Dissolved calcium carbonate

CaC0; + H,CO; < Ca(HCO3), 4)

Several studies have investigated the effect of
calcium ion (Ca?*) leaching on concrete's porosity
and compressive strength or vice versa. Haga et al.
(2005) investigated the effect of the porosity of
ordinary hardened Portland cement on the leaching
process. The larger the pore volume, the faster the
portlandite contained in the sample is dissolved.
Haga et al. (2005) concluded that the diffusion
process controls the transport of dissolved
substances/constituents. The main ingredients
dissolved in hardened Ordinary Portland Cement
(OPC) are portlandite and C-S-H gel [23].

Solpuker et al. (2014) studied the leaching
potential and traced metal retention ability in
pervious concrete. In the experiment with the
column method, the water with a pH of 4.3 passes
through pervious concrete. The results of the
effluent water showed a high pH value (pH ~ 10).
The conductivity decreased rapidly in the first 50
hours and then decreased slowly. In the early
stages, trace metal leaching is very high but
becomes low after 50 hours and gradually
decreases with time [24].

A pervious mortar filter (PMF) is a modified
version of mortar and pervious concrete designed
to act as a water filter to provide clean water for
domestic purposes. The PMF is intended for
filtering surface water sources that possess specific
initial water quality. Surface water sources, such as
irrigation water, rivers, creeks, and lakes, are
readily available in certain areas. However, their
water quality is often unsuitable for direct use,
particularly for drinking and domestic purposes.
Nevertheless, people in rural areas still utilize
irrigation water for activities like washing clothes,
dishes, and other non-potable uses.

As the PMF is being proposed as a viable water
filter in this area, it is crucial to examine its
leaching potential. Numerous authors have
investigated the impact of specific pH values on
the leaching behavior of mortar, concrete, and
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pervious concrete. However, there is a lack of
studies on the leaching of pervious mortar filters
when subjected to flowing surface water.

Therefore, further research in this area is warranted.

This study aims to determine the leachability
potential of pervious mortar filter by identifying
the influent and effluent concentration of calcium
ion (Ca?*), hardness, pH, and total dissolved solids
(TDS) in two types of water, i.e., pure water and
irrigation water.

2. RESEARCH SIGNIFICANCE

Extensive studies have been conducted on the
leaching behavior of pervious concrete, especially
when specimens fully immersed in liquids with
varying pH. However, in this study, we focused on
observing the leaching behavior of PMF under the
influence of flowing surface water rather than
through total immersion. Additionally, our
findings confirm that the leaching of PMF is
influenced not only by the pH but also by the
clarity of the water source, as determined by the
initial total dissolved solids of water. These
findings hold significant value for researchers and
practitioners engaged in water and wastewater
treatment.

3. METHODS AND MATERIALS
3.1 Specimen Preparation

The PMF is made from sand, cement, and
water, without admixture or additive. The size of
the natural sand used is 0.425 — 0.850 mm, and the
type of cement used is Composite Portland Cement
(PCC). Admixtures or other additives are not used
in this PMF to prevent the risk of heavy metal
leaching [25]. The chemical and physical
characteristics of both sand and cement are given
in Table 1. The sand-cement ratio is four, and the
water-cement ratio is 0.4 by weight. The mixture
design of PMF prepared for this study is presented
in Table 2.

The mixing process was conducted using a
Hobart mortar mixer. This process is a
modification of the production process of porous
concrete by Park and Tia (2004) [26].
Modifications were made because the grain size of
the sand used was different. This study used a
much smaller sand size. Modifications were
carried out on the mixing and stirring time of 2
minutes. The mixing and stirring process began by
entering half of the sand and half of the cement
into the mixer and stirring for 2 minutes, then
adding the remaining sand and cement and stirring
for 2 minutes. After all the ingredients are mixed
and look homogeneous, add water and stir for 2
minutes.
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The ready-casted PMF mixture was cast on a 3-
inch PVC pipe with a height of 5 cm. The casting
process was carried out on a vibrating table. The
PMF casting process was modified from the
casting process in the previous research by Maadji
(2016) [13] and by a preliminary experiment
conducted before this study.

Table 1 Chemical and physical characteristics of
sand and cement

Sand (Progo Sand) Cement (PCC)
Element Value Element Value
SiO; (mass%) 39.10 SiO, (mass%) 18.52
P,05 (mass%) 3.768 P,0s (mass%) 6.65
SO; (mass%o) 0.509 SO; (mass%o) 2.051
CaO (mass%) 9.958 CaO (mass%) 67.53
TiO, (mass%) 4.351 TiO, (mass%) 0.633
MnO (mass%) 0.532 MnO (mass%) 0.121
Fe,0; (mass%) 31.70 Fe,0; (mass%) 4.23
CuO (mg/kg) 654.8 CuO (mg/kg) 513
Zn0O (mg/kg) 660 Zn0O (mg/kg) 359
Rb,0 (mg/kg) 187.6 Rb,0 (mg/kg) 737
SrO (mass%) 0.199 SrO (mg/kg) 519
BaO (mass%) 0.102 BaO (mg/kg) 382
Al,03 (mass%) 7.65 As,03 (mg/kg) 75.9
K,0 (mass%) 1.981 NiO (mg/kg) 684
Density (kg/m®) 2,480  Density (kg/m®) 2,960

A mixture of £200 grams of PMF was put into the
mold. The ballast (stainless steel weighing 225
grams) was placed on top of the mixture and
started to 10-speed vibrate for 1 minute. Continue
for every £ 200 grams of the following mixture of
materials until it slightly exceeds the height of the
mold (approximately three times filling). Trim the
excess height of the mixture with a leveling ruler.
The mold filled with the mixture is turned over,
put weight on it, and vibrated again for 1 minute.
The final stage of reversal (to the initial position of
the mold) was carried out and vibrated again for 30
seconds by placing a leveling board on the surface
of the pervious concrete mixture.

After casting, the specimen was dried for 24
hours at room temperature (£26 °C). After that, the
specimens were cured with humid cotton covering
for 90 days. After reaching the age of 90 days, the
PMF was ready to be used as a filter.

3.2 Leachability Test
The increase in pH value in the effluent

(filtered water) investigated the occurrence of
leaching in the PMF, as well as the levels of total
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dissolved solids (TDS), calcium ions (Ca?*), and
hardness. The leaching level of a specimen
depends on the type of water (pH, turbidity, other
water quality concentration) that is infiltrated into
the specimen. The water used in this study as
influent water is pure and surface water (from
irrigation). The irrigation water, originated from
Opak River at Kalitirto Village, Yogyakarta
Province (Coordinate: -7.785111, 110.456375),
was chosen where some villagers use this water
source for domestic uses, such as washing clothes
and dishes. At the same time, pure water was used
as a control in this study. These two types of water
are significantly different regarding turbidity, pH,
and TDS, as seen in Table 3.

Table 2 The pervious mortar mixture design

Criteria Value and unit
Sand size 0.425 - 0.850 mm
Cement type Portland composite cement
(PCC)
Sand-cement ratio (M) 4
Water-cement ratio 0.4
Diameter of specimen 8.2 cm (cast in a 3-inch PVC
pipe)
Thickness of specimen 5cm
Porosity 15%
Permeability 0.058 — 0.064cm/s
Curing type Humid cotton covering
Curing time 90 days

This study analyzed the leachability potential of
the PMF with the column experiment method. In
this experiment, as much as 1 L of raw water
flowed into the filter. The water before and after
being put into the filter column was tested for pH,
TDS, Ca?*, and hardness. The total of raw water
entered into each specimen was 50 L. Every 10 L,
the filtered water was tested for Ca?* and hardness
concentration. The schematic of the laboratory
experiment can be seen in Fig. 2, and the test
variable is presented in Table 3.

4. RESULTS AND DISCUSSION
4.1 X-Ray Diffraction of PMF

X-Ray diffraction is used to characterize the
pervious mortar composition. The results showed
the presence of minerals from the mixture of Progo
Sand and PCC cement used, as seen in Fig. 3.
These minerals are calcite (21%), Albite, calcian
(57.3%), and Diopside (13.8%). This dominant
Albite mineral comes from the Albite mineral
(79.4%) in the Progo Sand as aggregate from
granite rocks. The Calcite mineral with a
composition of 21%, which is formed in this
composite, comes from the PCC cement, which
produces hydration products in the form of calcite
(35.7%), Portlandite (23.9%), Aragonite (8.3%),
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Albite calcian (14%), and Larnite (14.3%).

PMF

Effluent

Fig. 2 A laboratory scale of PMF experiment set
up

Table 3 The variables used in the experiment

Experiment content Variables
Influent water Pure water (A) and irrigation
water (B)

Influent total volume
Test items

50 L for each specimen
pH value & TDS (every 1 L of
influent)

Calcium & Hardness (every
10 L of influent)
Falling head operation
pH 7, TDS 0 ppm, Ca?* 0.4
mg/L, hardness 2.5 mg/L,
Turbidity 0 NTU
pH 7.75, TDS 98 ppm, Ca?*
16.08 mg/L, hardness 68.34
mg/L, Turbidity 20 NTU

Operation mode
Initial water quality of
Pure water

Initial water quality of
Irrigation water
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Fig. 3 X-Ray Diffraction of pervious mortar with
sand cement ratio (M) 4

The mineral Calcite or Calcium Carbonate
(CaCO0s), which is formed in this composite, as
also supported by the scanning electron
microscopy (SEM) analysis in Fig. 4, is the result
of a chemical reaction process between Calcium
Bicarbonate (Ca(HCOs),) and Calcium Hydroxide
(Ca(OH)y) as can be seen in Eq. (3). This Calcium
Carbonate then reacts with the Carbonic Acid (Eq.
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(1)) produces Calcium Bicarbonate (Ca(HCOs),).
Calcium Bicarbonate is in the aqueous phase
consisting of calcium (Ca?*), bicarbonate (HCO3),
carbonate (CO?73) ions, and dissolved carbon
dioxide (COy).

Fig. 4 Scanning electron microscopy (SEM) of
pervious mortar with sand cement ratio (M) 4

Calcite within the PMF undergoes leaching as
water infiltrates, dissolving Ca2+ into the water.
Consequently, the pH, as well as the
concentrations of Ca?* and hardness, increase in
the effluent. This pattern has also been observed in
other studies, where the leaching of calcium
content in pervious mortar led to an elevation in
pH within the effluent [15,26].

4.2 Effect of the Influent's Water on Leaching

The leaching potential of two PMF specimens
was assessed using two types of water: pure water
and irrigation water. Each specimen underwent 50
cycles of water flow, each consisting of 1 L,
resulting in a total of 50 L passing through the
specimens throughout the experiment. The
leaching potential of these specimens in the two
types of water was examined by measuring the
concentration of several key water quality
parameters, including pH, TDS, Ca*, and
hardness, in both the influent and effluent. It was
observed that the dissolution of alkaline and
portlandite from the pervious concrete specimens
led to an increase in the pH value and turbidity of
the effluent water [23,27].

The PMF system, when supplied with pure
water, exhibits an effluent pH ranging from 8.54 to
9.33, starting from an initial pH value of 7, as
shown in Fig. 5. Conversely, the influent pH for
irrigation water is 7.75, and the corresponding
effluent pH ranges from 7.09 to 8.62. Throughout
the dissolving process, solid particles dissolve and
are carried by water to the PMF outlet. The
dominant solid particles that dissolve and are
carried by the water are cations, specifically
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calcium ions (Ca2*). The high pH value observed
in the effluent resulting from pure water input
suggests that the water carried to the PMF outlet
contains dissolved cations, consequently leading to
an elevated pH level, indicating alkalinity.

The influent TDS concentration of pure water
is 0 ppm, while it ranges from 9 to 18 ppm in the
effluent. In contrast, the initial TDS concentration
of irrigation water is 98 ppm, increasing to 98 to
107 ppm in the effluents, as seen in Fig.6.

Greater dissolution intensity is observed in the
PMF system with pure water compared to
irrigation water, as evidenced by the rising pH
values and TDS concentrations, as depicted in Fig.
7. This graph illustrates the disparity between the
increasing TDS concentration and pH levels in
pure and irrigation water. The increase in TDS
concentration from pure water is higher than from
irrigation water influent.
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Fig. 5 The pH value of PMF for two types of water
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Fig. 6 The TDS concentration of PMF for two
types of water

The graph (Fig. 7) illustrates the variations in
TDS concentration in PMF systems using pure and
irrigation water. In PMF with pure water, the TDS
concentration increases within the range of 9 to 18
ppm, while in irrigation water, the increase ranges
from 0 to 9 ppm. Similarly, the pH values also
experience an increase. In PMF with pure water,
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the pH value increases by 1.6 to 2.81, whereas in
PMF with irrigation water, the increase ranges
from 0 to 0.87.

These findings indicate that the rise in TDS
concentration and pH value is more pronounced in
PMF systems that utilize pure water than irrigation
water ones. Although the initial pH values are
similar for pure water (7) and irrigation water
(7.75), the increase in pH concentration differs
significantly between the two water sources.
Particularly, the PMF system with pure water
exhibits a greater increase in pH compared to the
system with irrigation water. Additionally, it is
crucial to highlight the substantial disparity in
initial TDS concentration between pure water (0
ppm) and irrigation water (98 ppm).
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Fig. 7 The increasing concentration of TDS and
pH in two types of influents

However, the difference in  influent
concentration  significantly affects the final
concentration of TDS. The increase in TDS

concentration in the effluent demonstrates an
inverse relationship, where a smaller TDS
concentration in the influent results in a higher
concentration increase, and vice versa. These
findings conclude that the solubility of calcium ion
(Ca?*) in cement-based composites is not solely
determined by the water's pH but also by the
clarity or purity of the water, as indicated by its
TDS value. The purer the water, the greater the
solubility level. This phenomenon arises due to the
chemical reaction during the leaching process of
cement hydration products in PMF when exposed
to pure water, considering the differences in solid
concentration and pH value between pure water
and pore water inside PMF. Due to these
conditions, pure water can dissolve more cement-
based solid particles, leading to a high TDS value
in the effluent. The chemical reactions that take
place when water (H.O) infiltrates the cement-
based composite can be observed in Eq. (1) to Eq.

(4).
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The graph displayed in Fig. 8 indicates that the
presence of Ca? and hardness concentrations
derived from dissolved calcite causes the elevated
TDS and pH values observed in the effluent when
pure water is used as the influent in PMF. The
primary solid particles dissolved and carried by the
water are cations, specifically calcium ions (Ca?*)
or lime. Significantly greater leaching intensity is
observed in PMF systems with pure water influent,
as demonstrated by the effluent Ca?* concentration
ranging from 1.4 to 2.6 mg/L (with an initial Ca®*
concentration of 0.4 mg/L). Furthermore, the trend
is consistent for hardness concentration in the
effluent, which ranges from 4.5 to 8 mg/L (with an
initial hardness of 2.5 mg/L), as depicted in Fig. 8.
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Fig. 8 The concentration of Ca®" and hardness in
pure water

The initial Ca?* concentration of irrigation
water was 16.08 mg/L, and the effluent
concentration ranged from 12.86 to 19.3 mg/L, as
shown in Fig. 9. Moreover, the initial hardness was
68.34 mg/L, and the effluent concentration ranged
from 68.34 to 76.38 mg/L.

The elements of Ca?* and hardness in the PMF
effluent are derived from the results of the
chemical process of concrete as presented in Eq.
(1) - Eq. (2). At the PMF curing age of 90 days,
the solubility level of calcium ion becomes smaller
and is affected by the type of water that will be
filtered through the PMF. Pure water contains
water (H2O) which is purer than the water found in
irrigation water. With contact with the atmosphere,
CO, will easily enter and react with H,O to
produce carbonic acid.

The leaching process of the hydration product
by irrigation water was not optimal. This condition
was due to impurities in the influent, thereby
blocking the chemical reaction between the
hydrated cement product and water. It was shown
by the low calcium ion and hardness concentration
increment in the PMF effluent, as seen in Fig. 8.
The results of this study indicate that the leaching
intensity of PMF is lower for irrigation water
influent. It is understandable because PMF is a
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cement-based composite with a pH value above
12.5, which is very alkaline. According to that
characteristic, the material composed of cement
will be easily damaged if attacked by pure and
acidic water [18,20]. Contact between specimens
composed of hydrated cement (pH above 12.5)
with a low mineral and/or low pH water causes
hydrolytic decomposition, which disrupts the
balance of the cement matrix and degrades, thus
dissolving compounds in the hydrated cement [20].

__100
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E A A ]
c
2 50
o
5
o 0
0 10 20 30 40 50
Filtered water (L)
—IW (Cain) = W (Caout)

- - -~ IW (Hardness in) A

Fig. 9 The concentration of Ca®* and hardness in
irrigation water

5. CONCLUSION

The effluent from the PMF exhibited an
increase in pH and TDS values when subjected to
the passage of 50 L of pure water. Pure water,
which enters the specimen, has a higher capacity to
dissolve Calcium Bicarbonate (Ca(HCOs),)
containing calcium ion (Ca?"), bicarbonate
(HCO73), carbonate (CO?3) ions, and dissolved
carbon dioxide (COz) compared to the irrigation
water. As a result, it carries dissolved ions out of
the specimen through diffusion and convection
processes. Moreover, the concentration of Ca2+
and water hardness in the effluent water exhibited
an increase subsequent to the passage of pure
water through the PMF. The results showed that
increased pH, TDS, Ca?*, and effluent hardness
concentration were more significant when using
pure water instead of irrigation water. These
findings indicate that the leaching potential of
PMF with pure water is higher than that with
irrigation water.
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